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Introduction
Acute cholecystitis, an inflammatory condition affecting the gallbladder, mainly associated to lithiasis, stands as one of the most relevant surgical causes of emergency hospital admissions 1 , 2 .
Laparoscopic cholecystectomy has been defined as the gold-standard therapeutic approach, with recommendations highlighting the importance of an early surgical intervention as soon as the diagnosis is established 3 .
While very common, acute cholecystitis in the elderly and comorbid populations may have an atypical symptomatic presentation and further complicate, prompting difficult surgical treatment 4 . Agnieszka
Popowicz et al. point out early cholecystectomy in high-risk patients might be associated with significant morbidity and mortality 5 . In fact, the intrinsic vulnerability of patients of an advanced age and several comorbidities may negatively impact on surgical outcomes, with perioperative morbidity and mortality rising up to 41% and 18%, respectively 1 .
Pioneered by R.W. Radder in the 80s 5 , ultrasound-guided percutaneous cholecystostomy consists of a minimally invasive procedure under local anaesthesia, and is generally considered safe 5 , 6 .
According to Wang et al., symptomatic relief up until 72 hours has been registered among more than 80% of patients submitted to cholecystostomy, as well as a procedure-associated mortality being inferior to 3% 1 .
Therefore, percutaneous cholecystostomy may play an increasingly important role in treating severe acute cholecystitis diagnosed in high-risk surgical patients, with substantial co-morbidities 6 . Moreover, performing percutaneous cholecystostomy in patients not eligible for surgery at the time of diagnosis may not only serve as bridging therapeutic approach between medical treatment and surgery, but also as a potentially definitive treatment measure 5 . Indeed, Ye Rim Chang et al. indicate 88.3% of high-risk surgical patients who underwent percutaneous cholecystostomy showed no relapse during a follow-up period of almost two years 7 .
Notably, the procedure has been applied to decreasingly co-morbid patients recently 1 , 8 . In fact, comparing trends of percutaneous cholecystostomy use, Travis Smith et. al reveal only ASA III and IV patients were 4 submitted to drainage the decade before 1995, whereas only 80% were received such high ASA classifications when receiving the procedure the decade after 8 , with mortalities having dropped from 22.1%
to 13 .3% since that time 8 . Such improved mortality rate may put in evidence the importance of patient selection when deciding on cholecystostomy indication 8 .
However, the role of cholecystostomy as an alternative treatment option to early cholecystectomy remains poorly established 5 . Campanile et al. enhance the need of further investigation on the field in order to clarify its importance and indication criteria, given the heterogeneity in defining high-risk surgical patients 3 .
Besides, literature is not consensual regarding performance of an elective laparoscopic cholecystectomy subsequently to percutaneous cholecystostomy, nor as far as the precise time interval between drainage and surgery is concerned 3 .
According to the widely used 2013 Tokyo Guidelines, severe acute cholecystitis cases treated with percutaneous cholecystostomy must be only submitted to cholecystectomy three months later 6 . Yet, different studies highlight the advantages of early surgery even in patients of worse surgical profiles. In a systematic review published in 2009, Windbladh et al. describe higher post-cholecystostomy mortality when compared to early cholecystectomy in non-surgical patients, again emphasizing the need of clinical trials on the subject 9 . Moreover, Campanile et al. claim in-hospital mortality associated with cholecystostomy is said to vary between 4 and 50%, signalling study limitations on this matter and how each investigation might define high-risk surgical individuals in divergent manners 3 . Also, need for surgery has been less investigated than conservative management, particularly in high surgical risk patients 3 .
Given the absence of consistent evidence in literature on how and when to recommend percutaneous cholecystostomy in the treatment of acute cholecystitis, this systematic review aims to help validate this procedure as a therapeutic approach, to precise its potential indications and to clarify its association with the surgical treatment.
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Methods
In December 2016, a literature search was performed to identify studies focusing on the role of percutaneous cholecystostomy as a treatment option for acute cholecystitis.
A systematic search on PubMed, Scopus and Web of Science was conducted spanning from January 2013 to November 2016. Studies were identified using the following query: "(acute cholecystitis OR severe cholecystitis) AND (cholecystostomy OR percutaneous cholecystostomy OR cholecystostomy tube)". Only studies in humans were considered.
A total of 290 articles were initially retrieved, 110 from PubMed, 25 from Scopus and 155 from Web of Science. Repeated articles among different databases were excluded, remaining 167 records for assessment.
Reference lists of eligible articles were hand-searched.
All articles written in languages other than Portuguese or English were excluded, as well as reviews, clinical cases, editor letters or video articles. Additionally, articles about acute acalculous cholecystitis or other conditions other than acute cholecystitis or associated with a malignant etiology were also excluded. Finally, studies involving less than thirty patients were considered small unrepresentative sample populations, having been set aside too. Therefore, from 167 records assessed, 36 full-text articles were assessed for eligibility.
Inclusion criteria were as it follows: populations which were fully characterized according to gender, mean age and American Society of Anaesthesiologists (ASA) physical status classification system, further including information on percutaneous cholecystostomy indication, outcomes of percutaneous cholecystostomy, outcomes of an eventual procedure of cholecystectomy following percutaneous cholecystostomy, procedure-associated complications, global mortality and eventual re-admissions.
Following these criteria, 23 from 36 studies were excluded, and the remaining 13 papers were included in this systematic review. All sequential steps comprising the abovementioned process are depicted in Figure 1 .
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Results
Among 13 articles found eligible, all studies stressed the effectiveness and safety of percutaneous cholecystostomy as a symptomatic therapeutic approach among high-risk patients, as in bearing less favourable surgical profiles.
A total of 1130 patients prevenient from 10 different countries were counted. Characterization of all 13 study populations is depicted in Table 1 , reported outcomes are covered by Table 2 . Also, acute cholecystitis recurrence was registered in one in each four patients during study follow-up 19 . The study has also put in evidence the correlation between percutaneous cholecystostomy and high mortality rate due to sepsis at hospital admission, as well as 1-year mortality due to other causes unrelated to cholecystostomy 19 .
Mehrdad Nikfarjam et al. additionally observed that a substantial proportion of patients required later surgery, with 9 out of 32 patients undergoing surgery at a median of 73 days since drainage 20 . This particular study also found hypotension and absence of common bile duct filling on initial cholangiography to be independent prognostic factors, associated with long-term survival reduction 20 .
Further prognostic factors were detected by Khang Wen Pang et al. 21 . In fact, authors predicted an increased cholecystitis recurrence risk among patients presenting with higher alkaline phosphatase (ALP) at hospital admission and patients with acute cholecystitis complicated with acute myocardial infarction (AMI).
Therefore, investigators state that these specific groups of patients might benefit from definitive cholecystectomy, while taking part in the consensual opinion that surgical profile should persevere as the major predictive factor for clinical decision 21 . As it has been previously stated in literature 20 , It is our opinion that only randomized controlled trials may effectively clarify whether percutaneous cholecystostomy should be relied on to achieve safe and successful acute cholecystitis treatment. If so, clinical criteria should be formally established so as patients benefit from this procedure. Dutch CHOCOLATE (percutaneous cholecystostomy versus laparoscopic cholecystectomy) multicentre randomized controlled trial on acute cholecystitis treatment among surgical high-risk populations may provide the awaited evidence based guidelines on the best therapeutic approach 23 .
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Conclusions
All studies included in this review affirm percutaneous cholecystostomy is as a safe procedure with largely successful outcomes when performed in high-risk surgical patients with acute cholecystitis, especially those of an advanced age or who bear significant comorbidities. However, further investigation is needed to strengthen evidence on the role of this procedure.
. Abovementioned are discriminated all articles found, included and excluded, and exclusion criteria applied. PC, percutaneous cholecystostomy; PC+CCY, percutaneous cholecystostomy followed by cholecystectomy.
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